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Abstract 
Impacts of vegetation change on streamflow have long been an issue for concern and climate variability can also 
greatly affect streamflow. Climate change refers to the persistent change in climate over long periods of time due to 
either natural or as a result of human activity. It is very important to quantify the contribution of climate change and 
human activities on the change of streamflow and provide a scientific basis for future land conservation planning and 
river ecological conservation. In this study, non-parametric Pettitt mutation method was employed to detect trends 
and changes in annual streamflow for the period of 1961 to 2008 in the Da River Basin (55000km2), which is the 
most important tributary of Red River. An upward trend was found in annual streamflow, with an abrupt change 
identified in 1993 at the Laichau and Tabu stations in the upstream of the Hoa Binh Reservoir. In addition, the 
Normalized Difference Vegetation Index (NDVI) data from 1981 to 2006 was used to detect vegetation change in the 
past 26 years. The difference between average annual accumulated NDVI during before and after 1993 and linear 
slope of annual accumulated NDVI from 1982 to 2006 was calculated. The discharge data was divided into a baseline 
period (before 1993) and a period of change. Sensitivity-based method and model simulation method were then 
proposed to separate different effects from climate and human activities. Results indicated that the streamflow is 
more sensitive to precipitation than potential evaportransportation (PET). Effects of climate variability on streamflow 
estimated using the sensitivity-based method was weak in the downsream catchment of Tabu station, and strong in 
the upstream catchment of Laichau station, where the climate effects accounted for about 30% of total streamflow 
changes. Effects of human activities on streamflow accounted for about 60% both in the Laichau and Tabu 
catchments. Human activities are the main factor to affect the changes of inflow into the Hoa Binh Reservoir, and 
climate change also plays an important role. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
It has been generally accepted that climate change and human activities have brought great impacts on 
the hydrological process and water resources in river basins [1-3]. In addition, with the increase of 
population and rapid development of economics and society, human activities have been seriously 
affecting the watershed land use and water cycle. The changes of land use and land cover, such as 
deforestation or afforestation, affect runoff response of a catchment through changing the hydrological 
cycle of the area by altering the balance between rainfall and evaporation [4, 5]. It is important to 
determine the main factors and their contributions to affect the changes of the eco-hydrological processes 
to improve the sustainable development of water resources and provide ecological conservation measures. 
Floods in Vietnam are well known phenomena and occur in all regions of the country, especially in the 
Red River delta [6]. Recently, many eco-hydrological problems in the Red River basin have received 
increasing attention by international communities, such as hydrological changes in the upper reaches and 
lower reaches, sediment changes, water pollution and biodiversity disappear [7]. Hoa Binh reservoir, the 
largest reservoir in Vietnam, established on the Red River, plays an important role for flood control, 
hydropower generation, and irrigation and has caused a significant decrease of sediment loads in the red 
river [8]. The variations of runoff into Hoa Binh reservoir affect the utilization and exploitation of water 
resources, sediment changes and biodiversity conservation in the Red River basin. Therefore, the analysis 
on the effect of climate change and vegetation cover change on inflow into the Hoa Binh Reservoir is 
important for the appropriate utilization of water resources, environment protection and transboundary 
ecological security. 
In this paper, the Da River basin, where the Hoa Binh reservoir is located, is selected as a study area in 
the Red River basin. The purpose of this study is to evaluate and partition the effects of climate change 
and human activities on annual streamflow. Firstly, Pettitt mutation method was employed to detect 
changing point in annual streamflow for the period of 1961 to 2008. Then, SWAT model was applied and 
evaluated in the Da River basin. Lastly, the effects on streamflow are independently estimated by using 
the sensitivity-based method and the model simulation method respectively. The results can be used to 
improve sustainable development of the eco-hydrological system in the region. 
2. Study area and data description 
2.1. Da River basin 
The Da River (24°58′–20°37′N, 100°20′–105°30′E), the biggest branch of the Red River is located in 
humid region, which drains 55,000 km2, originates in mountainous Yunnan Province, China, of which 
46.8% in China, 50.6% in Vietnam and 2.6% in Laos. The average length of basin is 1010 km, with a 
width of 76 km. The river cross sections are narrow and have a V-form. The drainage area of Laichau and 
Tabu stations are 32000 km2 and 43000 km2, respectively (Fig. 1). The Da River basin is characterized by 
a tropical monsoonal climate with a wet season (May to October) and a dry season (November to April). 
Summer season is warm and very humid, with mean temperatures ranging from 27 °C to 29 °C, whereas 
the winter season is cool and dry with mean monthly temperatures ranging from 16 °C to 21 °C [9-10]. 
The annual mean precipitation is about 1320 mm for the Da River basin, 85% of which falls during the 
wet rainy season. The annual mean runoff is about 1660 m3/s at Hoa Binh station [11], which accounts for 
about half of the maximum discharge in the Red River basin.  
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Fig.1. Location of the study area and the meteorological stations selected 
The HoaBinh reservoir, located on the Da River, is one of the largest (V=9.5 km3) and highest (120 m) 
dams in South-East Asia. Operation started in the middle of 1989 and was completely finished in 1993, 
with the main purpose of flood control and hydropower generation [12]. It provides about 40% of 
Vietnam's electricity [8, 12]. Inflow into the HoaBinh reservoir is very important for flood control, eco-
hydrological process and economical development in Red River basin. 
 
2.2. Data description 
Stream flow data at Laichau and Tabu stations, were selected in the Da River basin (DRB). Data were 
available for the period of 1960–2008. There are 15 rainfall and meteorological stations located in or 
around the basin (Figure 1). These stations are spatially well distributed, which can reflect the 
characteristics of regional climate and hydrology. Precipitation data is from the China Meteorological 
Data Sharing Service and Vietnam Academy of Science and Technology, which has been checked by the 
primary quality control. Monthly time series of potential evaporation (PET) were estimated using the 
Penman-Monteith equation recommended by FAO [13, 14]. The precipitation and PET for each sub-basin 
are estimated by the Thiessen polygon method based on the evenly distributed meteorological stations. A 
digital elevation model (DEM) with grid resolution 90m × 90m was provided by the CIAT-CSI SRTM 
website (http://srtm.csi.cgiar.org) [15]. Global 1km Land Cover in the year of 1992 obtained from the U.S. 
Geological Survey's (USGS) National Center for Earth Resources Observation & Science (EROS) was 
also employed in the study. The GIMMS (Global Inventory Modeling and Mapping Studies) data set 
including a 25 years period spanning NDVI data from 1981 to 2006 was used to analyze the vegetation 
changes in a long time period for the study area [16]. 
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3. Methodology description 
3.1. Determination of  calibration period 
A change in observed mean annual streamﬂow ΔQtot can be resulted from climate variability ΔQclim and 
human activities ΔQhum. For a catchment that has undergone major land-use change, it can be assumed 
that a response in streamﬂow will occur and the change can be gradual or abrupt [3, 17]. In order to assess 
the effect of human activities on streamﬂow, Pettitt mutation detection method was employed to detect 
the approximate time of the change in streamﬂow. Pettitt mutation detection method [18], one of 
nonparametric test methods, was firstly proposed to detect change points for a long time series in 1979. 
The Pettitt's test is an adaptation of the tank-based Mann-Whitney test that allows identifying the time at 
which the shift occurs [19]. This approach can detect a significant change in the mean of annual 
streamflow when the exact time of the change is unknown. The change point indicates when the 
underlying surface condition diverges from stable to changing. 
Then the total streamﬂow series was divided into two periods. The first period represents the baseline 
with no significant human activities, and the second period represents changed streamﬂow associated 
with significant human activities.  
ΔQtot =ΔQclim+ΔQhum         
 (1) 
3.2. Sensitivity-based method 
The sensitivity-based method [20], similar to the elasticity method [21, 22], is used here to estimate the 
effect of climate variability on streamflow. Perturbations in both precipitation and potential 
evapotranspiration (PET) can lead to changes of water balance. It can be assumed that a change in mean 
annual streamflow can be determined using the following expression [23, 24]:  
 
ΔQclim =βΔP +γΔPET         
 (2) 
where ΔQclim, ΔP, ΔPET are changes in streamflow, precipitation, and potential evapotranspiration 
respectively; β and γ are the sensitivity coefficients of streamflow to precipitation and potential 
evapotranspiration expressed as [3, 17]:  
 
β =（1+2x+3wx2）/ (1+x+wx2)2        
  (3) 
γ =（1+2wx）/ (1+x+wx2)2        
  (4) 
where x is the mean annual index of dryness and is equal to PET/P and w is a fitted model parameter 
related to catchment conditions, such as vegetation type, soil and PET. For w, the values between 0.5 and 
2 are adopted, with higher values for higher PET, based on the findings of ref. [25]. 
3.3. Model simulation method 
In this study, SWAT model was adopted to evaluate the effect of human activities on streamflow in 
this study in the DRB. SWAT model was firstly calibrated and validated for the first period with a stable 
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underlying surface condition and then applied the calibrated model to the prediction period with changed 
underlying surface conditions to simulate streamflow that would occur if there were no human activities. 
The effect of human activities on streamflow is calculated by the differences between simulated and 
observed streamflow for the simulation period. 
ΔQhum =R2obs – R2sim           
  (5) 
SWAT is a continuous, long-term, and distributed-parameter model based on water balance, designed 
to predict the impact of climate and vegetation cover change on the hydrology, sediment, and contaminant 
transport in watersheds. The watershed is divided into hydrological response unit (HRU) based on soil 
type, land use and slope classes that allow a high level of spatial detailed simulation. The model has been 
applied to a large number of catchments with different climatic regions and different scales in the world, 
and good results indicated that the model has the potential to be used to investigate climate and vegetation 
cover change on discharge or water quality. 
Following recommendations by Ref. [26], in this study, four statistics are used to indicate the accuracy 
of SWAT model: coefficient of determination (R2), Nash-Shutcliffe efficiency (NSE), percent bias 
(PBIAS) and the mean absolute error (MAE). The use of these statistics is to provide a more 
comprehensive evaluation of the model performance as recommended.  
4. Results analysis 
4.1. Changes in annual streamﬂow 
Pettitt mutation detection method was employed to detect the approximate time of the change in 
discharge at Laichau and Tabu stations over the period from 1960 to 2008. Fig.2 shows graphically the 
result of Pettitt mutation test. The curves indicate an abrupt change in annual discharge occurring in 1993 
at the 10% of significance level for Laichau and Tabu hydrologic stations, which showed a significant 
upward trend from 1993. Based on the Pettitt test, the period of the discharge record was divided into two 
parts: a baseline period (1960–1993), representing discharge under natural conditions, and a changed 
period (1994–2008), representing discharge under human control. However, limited by the short 
precipitation series (1986-2006), the pre-change point period from 1986 to 1993 is used as the calibration 
and validation periods in SWAT model and the period from 1994 to 2006 is used as the prediction period. 
 
  
Fig.2. Pettitt mutation detection test of annual discharge. The horizontal dotted lines represent the critical values corresponding to 
the 10% significance level. The horizontal solid lines represent the critical values corresponding to the 5% significance level 
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4.2. Effects of climate variability on streamflow 
The sensitivity-based method was used to estimate the effect of climate variability on streamflow and 
the results are shown in Table 1. Comparing the sensitivity coefficients of streamflow to precipitation and 
PET (β and γ), it shows that streamflow becomes more sensitive to changes in precipitation than changes 
in PET from 1986 to 2006. The effects of climate variability on streamflow are different in two 
catchments. The climate effects are stronger controlled by Laichau station in the upstream than Tabu 
station nearby the Hoa Binh reservoir which can represent the inflow into Hoa Binh reservoir, accounting 
for 34% and 27% of the changes of streamflow, respectively. As for the reason, it is maybe closer to the 
downstream, with more intense human activities. 
 
Table 1.  Effects of climate change on the mean annual streamflow across catchments controlled by hydrological gauging stations in 
the DRB as estimated using the sensitivity-based method (w=1.0)  
Catchments ΔP(mm) ΔPET(mm) β γ ΔQtotal(mm) ΔQclim(mm) (%) 
Laichau 61.1 26.7 0.70 0.36 151.2 52.4 34 
Tabu 87.4 11.1 0.69 0.35 235.6 62.3 27 
4.3. Effects of human activities on streamflow 
In order to evaluate human activities effect on streamflow, SWAT model should be calibrated and 
validated to prove its adaptability in the DRB. As shown in Table 2, four statistics to evaluate the SWAT 
model mentioned above give agreement results. The coefficients of determination (R2) in two 
hydrological stations are greater than 0.85 in calibration and validation period. As for the Nash-Shutcliffe 
efficiency (NSE), it also presents better results with the value of greater than 0.81 which indicated that 
SWAT model is reasonable in this basin [26]. In addition, percent bias (PBIAS) and the mean absolute 
error (MAE) listed in Table 2 further demonstrates the performance of SWAT model in the DRB [26]. 
From the viewpoint of comparison between the simulated and observed monthly streamflow during the 
pre-change period in the DRB (Laichau and Tabu catchments), the results indicate that the simulated 
streamflow by using SWAT model has a good match with the observed values, and are satisfactory at 
Laichau and Tabu stations, as shown in Fig.3 and Fig.4. The results shown in Table2, Fig.3 and Fig.4 can 
comprehensively explain that the SWAT model can predict streamflow accurately during the pre-change 
period. 
 
Table 2.  Evaluation of model simulation during the pre-change period for the catchments controlled by Laichau and Tabu stations 
in the DRB 
  
Laichau Tabu 
Calibratin(86-89)  Validation(90-93)  Calibratin(86-89)  Validation(90-93)  
R2 0.91  0.85 0.95  0.84 
NSE 0.89  0.81  0.88  0.85  
MAE(mm) 3.58  4.31  2.87  4.01  
PBIAS (%) 0.336 0.404 0.210 0.293 
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Fig.3. Plot of the observed and simulated monthly streamflow during the calibration and validation periods at Laichau and Tabu 
stations in the DRB 
 
 
Fig.4. Comparison of observed and simulated monthly streamflow during calibration and validation periods at Laichau and Tabu 
stations in the DRB 
The SWAT model developed during the pre-change period was then applied to quantify the effect of 
human activities on streamflow and the results are listed in Table 3. The effect of human activities on 
streamflow is represented by the difference between simulated and observed streamflow during the 
prediction period (mm), and the proportion of this difference to changes of streamflow (%). The results 
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show that the proportions of human activities effect to the changes of streamflow across two catchments 
are a little different. Human activities effects on streamflow are 58% in the Laichau catchment, 61% in 
the Tabu catchment, which indicate that human activities on streamflow in the DRB are about 60% of the 
total changes of streamflow.  
 
Table 3.  Effects of human activities on the mean annual streamflow across catchments controlled by hydrological stations in the 
DRB by the model simulation method  
stations  obsQ1 (mm) 
obsQ2 (mm) 
pred
2Q (mm) 
totQ (mm) humQ (mm) humQ (mm) 
Lai chau 1049.2 1200.4 1129.0 151.2 87.8 58 
Ta bu 1004.4 1240.0 1482.9 235.6 144.9 61 
5. Discussions 
Climate change and human activities are generally considered as main reason for changes of 
streamflow in a given catchment. However, quantification of individual impacts is difficult [3, 17]. It is 
the foundational research for scientifically evaluating the effects of main factors on changes of 
streamflow in the Da River basin. Results of climate and human activities effects estimated above are 
summarized in Table 4. The results indicate that the effects of climate change on streamflow in the DRB 
contribute less than 30% to the changes of streamflow, and the effects of human activities on streamflow 
are close to or more than 60%. As a result, human activities effects are the main factor on changes of 
inflow into the Hoa Binh reservoir. Except for the climate change and human activities effects considered 
in this study, the effects of other factors on streamflow in Laichau and Tabu catchments account for about 
10% of the changes of streamflow.  
Table 4.  Separation of the effects of human activities and climate change on the mean annual streamflow across catchments in the 
DRB  
Catchments totQ (mm) 
limcQ (P, PET) humQ  Others 
(mm) (%) (mm) (%) (%) 
Laichau 151.2 52.4 34 87.8 58 8 
Tabu 235.6 62.3 27 144.9 61 12 
 
The vegetation cover changes, such as deforestation or afforestation, affect runoff response of a 
catchment through changing the hydrological cycle in the basin. In order to analyae the changes of the 
vegetation cover during the research period, the GIMMS data set including 25- year period spanning 
NDVI data from 1982 to 2006 was used to analyze the vegetation changes in a long time period for the 
study area. Annual accumulated values of NDVI have high correlation with biomass and can be used as 
an indicator for detecting inter-annual of vegetation activities [27]. Two kinds of changes were used to 
evaluate the temporal and spatial vegetation changes in the study area (up to Tabu station), one is the 
difference of average annual accumulated NDVI between two periods: one from 1982 to 1993 and the 
other from 1994 to 2006, the other is the linear slope of annual accumulated NDVI from 1982 to 2006, as 
showed in Fig.5. Both maps indicate similar spatial changes that NDVI in most of the area shows 
decreasing trend, and part of north area displays increasing trend in the past years, which reflects that 
vegetation cover have changed before and after 1993 and decreased from 1982 to 2006. Some researchers 
got similar result in this area. Ye et al [28] analyzed the relationship between total sum of squares of 
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deviations and breakpoint of annual NDVI which indicated that vegetation in the Chinese part of Red 
River basin was destroyed so severely in 1993 and concluded that the jumps of runoff were major 
influenced by human activities. In the other hand, from the statistical data of UNEP, the forest cover in 
Yunnan Province, China, in the upper part of the Red River basin, declined from about 60% in the 1950s 
to 24.2% in 1990 [29]. Similarly, deforestation has been intense in North Vietnam especially in the 
northern mountains and the centre, where the percentage of forest cover decreased from 95% in 1943 to 
17% in 1991 [30]. As a result, forest cover was degraded very severely in the past and became the worst 
situation in 1990s, which keeps agreement with the detected changing point above in 1993 and forest 
cover changes is the main factor for the changes of inflow into the Hoa Binh reservoir.  
 
 
Fig.5. (a) Difference between average annual accumulated NDVI from 1982 to 1993 and from 1994 to 2006; (b) Linear slope of 
annual accumulated NDVI from 1982 to 2006 
The change of streamflow in the Red River basin has been paid much attention in the past years and 
some similar results had been raised. For the Vietnamese part of Red River basin, Ref. [31] analyzed the 
relationship between the forest cover and runoff in the Hoa Binh Reservoir basin and concluded that the 
peak discharge and the total of runoff volume increased clearly (with the same total of rainfall and 
distribution) as the forest cover area decreased during 1943 to 1993, the time to the peak discharge was 
longer when the forest cover was in a natural condition (no deforestation) in this area. As a result, forest 
cover change can change the river runoff sensitively and human activities are important factor for 
streamflow changing in the Da River basin. Ref. [8] also presented that the growing human pressures are 
very important factor to change the flow regime and sediment load in the red river basin.  
For the Chinese part, Ye et al [28] used Mann-Kendall method, cluster technique method and 
accumulated deviation to analyse the basic characteristics of runoff variability based on the 45 years 
measured data of runoff series from the Manhao station that is the main controlling hydrological station in 
the Red River, and got a slow ascending trend for annual runoff in the Manhao station in the past years. 
Both annual runoff and runoff coefficient have jumps of increasing occurred around 1994. However, both 
annual precipitation and evaporation had no obvious jump point and the variability of NDVI indicated 
that vegetation in the Chinese part of Red River was destroyed severely in 1993. Consequently, the jump 
of runoff was mainly influenced by human activities. 
Those results support the conclusion that the main factors to affect the changes of streamflow are 
human activities, which is consistent with the result obtained in this study. 
a b 
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6. Conclusions 
In conclusion, an upward trend has been found for annual streamflow into Hoa Binh reservoir in the 
Tabu station, with an abrupt change identified in 1993. Both effects of climate change and human 
activities on the increase of streamflow were estimated in Laichau and Tabu subbasin in this study. The 
separation of climate effects and human activities effects on streamflow were also investigated.  
Main conclusions are as follows. Firstly, the streamflow became more sensitive to changes in 
precipitation than changes in PET for the DRB during the period of 1986 to 2006. Effects of climate 
variability on streamflow estimated using the sensitivity-based method was weak in the downstream 
catchment of Tabu station, and strong in the upstream catchment of Laichau station. Effects of human 
activities on streamflow accounted for about 60% both in Laichau and Tabu catchments. Secondly, 
human activities are the main factor to affect the changes of inflow into the Hoa Binh Reservoir, and 
climate change also plays an important role. 
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